In previ?us experimental studies it has been observed that the minimum lung pressure to sustain vocal fold oscill•ttion after its onset is lower than the threshold pressure needed to initiate it. This phenomenon is Studied analytically using a previous body-cover model of the vocal folds and applying the des•Gbing fundtion method to the general case of large ampliitude oscillations. It is shown that the phenomenon is a consequence of the nonlinear characteristic of the effective aerodynamic damping introduced by the air pressure acting on the vocal folds. The results predict a v.alue for minimum sustaining pressure equal to half the threshold pressure for a rectangular prephonatory glottis, which is in the orde:r of experimental ]results. ¸ 1995 Aco•stical Society of America.
This paper presents an analytical study of this phenomenon to explain the lower value of the minimum sustaining pressure with respect to the threshold. A previou• attempt was presented elsewhere by Lucero and Gotoh (1993) based on a variation of the two-mass model. H•re, Titze's bodycover model will be adopted, which incorporates the layered tissue structure of the vocal folds and is thus closer to their physiology. In his analysis, small amplitude oscillations were assumed to linearize the equations of motion and determine the threshold conditions to initiate the oscillations. At threshold, the oscillation amplitude is zero and the small amplitude restfiction is valid. Since we are interested in the conditions to maintain the oscillation after it has started, i.e... when the oscillation amplitude has some value, general l•urge amplitude oscillations will be considered in the present study.
A better knowledge of the minimum sustaining pressure would find some application to pronation theory. For example, in a recent work, Titze (1992) included the phonation •)Electronic mail: jorge@mat,unb.br threshold pressure to derive aerodynamic laws relating the lung pressure and glottal flow, based on the fact that a finite pressure is required to establish an infinitesimal oscillatory flow. Those laws might be improved by replacing the threshold pressure by the minitnum sustaining pressure, since the oscillatory flow created by the threshold pressure takes a finite value after the oscillation has started.
I. VOCAL FOLD MODEl_
The body-cover model (Titze, 1988) is schematically shown in Fig. 1 . There, the body of the vocal fold is stationary, and the cover pr.opag,,tes a surface wave along the glottis 
where z is the distance from the midpoint of the glottis in the direction of the airflow, L is the length of the vocal folds, •0(z) is the prephonatory glottal half-width, and •(z,t) is the displacement of the cover due to the surface wave. The general expression of the surface wave displacement is
which is the solution of the one-dimensional wave equation with wave velocity c. Tftis expression is approximated expanding it in a Taylor series around z: 0, and keeping the 
where P(z) is the glottal pressure distribution along the glottis and T is the half-thickness of the vocal fold. P(z) is derived from the Bernofi'11i energy equation
where P2 is the exit pressure, Pa2=(p/2)lulu/a} is the kinetic pressure, p is thd air density, u is the exit airflow, and a 2 is the glottal area at exit. The integral in Eq. (6) 
The second term between the brackets in this equation is independent of z; hence the variation of the glottal area gradient with z depends only on the first term, related to the prephonatory shape. For simplicity, we assume a linear variation of the prephonatory glottal area along the glottis, i.e., suddenly from 0 to A 2. However, remember that we have plotted the steady-state values of the amplitude; the actual growth of the alnplirude will be gradual. The amplitude will then grow until A2, as the lung pressure reaches PL2 (point 2). When the pressure is :iecreased back, the amplitude will also decrease until A 3 at pressure PL3 (point 3). We can see that the oscillation will continue even though the lung pressure has a value lower than the oscillation threshold pressure (PL3(PLi). When the pressure is decreased below this point, the amplitude will decrease to 0 (point 3') and the oscillation will stop. The minimum lung pressure to sustain the oscillation is then PL3, i.e., the minimum of the curve.
Note that a hysteresi• loop appears, given by points 1-1 '-3-3'.
In both cases the lur.g pressure increases to infinity at large values of the oscillation amplitude. This is a physical necessity to limit the o.
•cillation amplitude; otherwise it would grow unbounded fer finite values of the lung pressure. Hence, the curve of the lung pressure must have a minimum, at zero amplitude as in Fig. 2(a) , or at a larger amplitude as in Fig. 2(b) .
In the following analysis we will see that the vocal fold oscillation correspords to the second case, which explains the experimental measurements.
amplitude, although within the open glottis condition, and may be used to study the oscillation after its onset. Fig. 2(a) , the lung pressure increases monotonously with the oscillation amplitude, i.e., higher pressures are necessary to produce oscillation at higher amplitudes. The oscillation threshold pressure is the pressure at zero amplitude (Pt.t), since a pressure higher than this value is required to produce the oscillation. If the pressure has a value P•2• > P•t, the oscillation amplitude will grow from zero until the value A 2, shown in Fig. 2 , after which it will continue with this constant amplitude.
II. ANALYSIS OF THE AIR
In Fig. 2(b 
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